similarly, when the amount of change was compared between the groups, the intervention group showed more change than the control condition (F (22,1) = 12.005, p = 0.003). Tacrolimus trough concentration levels were used as a secondary measure of adherence and, while there were no significant between-group differences for mean trough concentration levels, the variability in the trough levels did significantly decrease over time indicating more consistent pilltaking behavior in the intervention group. Conclusions: There is preliminary support for the pilot program as a successful intervention in helping patients with their immunosuppressant medication.
failure [9, 10] . Despite increased risk for negative consequences, nonadherence is more common among kidney transplant recipients [11] , with reported rates of nonadherence ranging from 5 to 68% [12, 13] .
Several studies have identified patient characteristics associated with nonadherence to immunosuppressant medications in transplant recipients, with mixed evidence indicating that racial/ethnic minority groups are less adherent [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The reasons for these racial disparities in renal transplant recipients are unclear but are probably multifaceted [27] .
Patient's perception of the perceived risks and benefits of following medical advice has been posited as a key factor in predicting behavior by the Health Belief Model (HBM). The HBM has been used in a variety of contexts, including adherence to medical prescription [28] . Perceived barriers and benefits are consistently the strongest predictors of the broad array of health behaviors in a variety of medical populations [29] and specifically to adherence behaviors [30] . Resnicow's model of cultural sensitivity similarly emphasizes the importance of understanding how members of a target population perceive their illnesses in order to modify health behaviors and this model has been used to guide the development of various health-promoting interventions [31, 32] . Therefore, the identification of salient barriers to medication adherence in a particular population is vital to the development of targeted adherence interventions.
Several barriers to taking immunosuppressant medication in renal transplant patients have been previously identified [33] . In our previous work [34] , we found that there were different pathways to nonadherence, with some people acknowledging that they deliberately chose not to take their medication (e.g. because of side effects) and others identifying barriers that were beyond their control (e.g. inadequate finances). Both types of barriers were associated with increased nonadherence. We have also demonstrated an association between depression and survival and posited that this relationship may be mediated by various psychological and physiological factors, with treatment nonadherence representing one potential pathway. Depressive symptoms of low motivation, impaired concentration, and apathy may well significantly interfere with patients' adherence to treatment for endstage renal disease [35] .
In reviews of medication adherence promotion interventions in mixed medical populations, the most successful methods include combinations of behavioral interventions and reinforcements in addition to providing educational information about the patient's condition and the treatment [36] [37] [38] . Few studies have systematically tested behavioral interventions in renal transplant patients. In a study of adult renal transplant recipients, medication nonadherence was higher for participants in the control group compared to those who received an education/ counseling intervention [39] . In a small pilot randomized controlled trial (RCT), investigators tested the efficacy of an educational and behavioral group intervention in the reduction of nonadherence as measured by MEMs caps. While the intervention group had greater improvement in adherence at the end of the intervention as compared to a standard care group, these effects did not reach statistical significance and both groups returned to pre-intervention nonadherence levels at the end of the 6-month follow-up [40] . In a more recent study, 15 adult renal transplant patients were randomly assigned either to a continuous self-improvement intervention or to an attention control group. The study concluded that participants receiving the self-improvement intervention had significantly higher electronically monitored medication adherence scores as compared to the control group [41] .
As suggested by Russell [42] , there is a need for the cultural adaptation of transplant intervention in minority populations, so in preliminary work for this study, we gathered survey data and held focus groups to better understand Black kidney transplant recipients' and health care providers' perceptions of the most salient motivations and barriers to immunosuppressant adherence. Fifty patients over the age of 18 years who had undergone kidney transplantation not less than 6 months prior were asked to complete a survey (Immunosuppressant Therapy Barriers Scale) [43] ( fig. 1 ) and some (n = 10) were available to further answer questions about the key benefits and barriers to adherence. Similarly, a group of health care professionals (n = 5; transplant nephrologists, transplant coordinators) also provided input around their perception of key barriers to immunosuppressant adherence and parameters for the intervention programs. The extent of development of the current adherence promotion study was evaluated based on the feedback obtained. As an example, based upon patients' feedback, the decision was made not to include conditions that require any form of deception, as there were high levels of mistrust in clinical research. Consequently, the study assessments were blinded, but participants would not be subjected to placebo treatment.
The primary aim of this study was to pilot a culturally sensitive adherence promotion program for kidney transplant recipients who were less than ideally adherent to immunosuppressant prescription. We sought to examine whether exposure to an adherence promotion program would result in improved medication adherence (specifically in terms of taking and being persistent [44] ) as compared to standard care provided by the nephrology treatment team.
Methods
This RCT was designed to pilot the culturally sensitive adherence promotion program that was developed using information gathered from our preliminary surveys and focus groups with transplant patients and providers. Inclusion criteria for the study included kidney transplant patients with a current prescription of daily tacrolimus, over the age of 25, and less than 98% adherence to medication prescription, as determined by 3 baseline pill counts (described below). Tacrolimus (FK506, Prograf ® ) is an immunosuppressant drug that has emerged as the gold standard for the prevention of graft rejection following kidney transplantation. Exclusion criteria were lack of telephone to complete pill counts and lack of English proficiency to participate in adherence-promotion sessions. English proficiency was assessed based on the participant's ability to answer screening questions and questionnaires administered in English.
Measures

Adherence Measurement
Primary -Phone Pill Counts. While there are a variety of direct [45] and indirect techniques [1] to measure medication adherence, there are relative advantages and disadvantages to the various assessment types, balancing accuracy, cost, and burden [46] . Ultimately, it was decided not to rely on the commonly used electronic monitoring caps, as there is evidence that they can alter medication-taking behaviors [47] . An alternative strategy to measuring adherence is in-person pill counts. However, the burden of this type of measurement is high [48] . Telephone-pill counts have been examined as an alternative to in-person pill counts in a variety of medical populations [45, [49] [50] [51] [52] . Kalichman et al. [50, 51] found that unannounced telephone pill counts paralleled the ability of office-based and home-based pill counts to measure adherence to antiretroviral medication (with an interclass correlation coefficient between phone and home pill counts of.997, p < 0.001) while also mitigating the logistical challenges that encumber office-and home-based visits. Thus, we selected this method of adherence measurement, as the pill count methodology is not specific to the type of pill or disease being studied.
Participants were contacted for 3 pre-and post-intervention telephone pill counts. At each call, the research assistant (RA) instructed the participant to count all of their tacrolimus pills over the phone using a pill tray that was provided by the study. The count was repeated a second time to ensure accuracy. If there was discrepancy, pills were recounted until 2 consecutive counts agreed. The RA recorded the current pill count, prior pill count, and number of prescriptions filled. This allowed the RA to inquire about any possible change in the medication regimen. Using this information, an adherence percentage was calculated for each pill count. Due to the possible emergent consequences of extreme nonadherence, if the participant reported skipping 3 consecutive days, the treating physician would be contacted for follow-up and study participation ended.
Adherence percentage was determined by calculating the difference in 2 pill phone counts over the expected numbers of pills to be taken, given the length of time between the counts (pill count 2 -pill count 1/expected number of pills). Two adherence percentages were averaged to form a baseline measure of adherence. Similarly, 3 additional pill counts at follow-up were conducted, yielding 2 adherence percentage scores, which were then averaged.
Secondary -Tacrolimus Trough Concentration Levels. Tacrolimus whole-blood samples used for the determination of 12 h tacrolimus trough concentrations were collected as part of the patient's usual clinical care. Trough concentrations have been found to correlate well with area under the concentration-time curve measurements in kidney transplant recipients (r = 0.91-0.99) [53] . Thus, trough concentrations are a good index of overall drug exposure and are currently used for routine monitoring as part of patient care post transplantation. Blood for trough concentration 
Psychological Functioning Measurement Beck Depression Inventory-II (BDI-II).
The BDI-II is a 21-item self-report instrument with high scores (range 0-63) reflecting the presence and severity of depressed mood [54] . Depressed mood was assessed to measure psychological functioning of our sample.
Study Procedures
Patients were approached in the waiting room of the transplant clinic and asked to complete a 10-minute screen for potential eligibility. This assessment included measures of self-reported adherence, depression, and sociodemographics. Patients were approached consecutively until desired recruitment was reached.
Within one week of completing the in-office baseline measures, eligible participants were contacted for an initial telephone pill count. Participants were then contacted twice within 4 weeks to complete a second and third unannounced telephone pill count. The 3 pill counts were used to calculate a baseline medication adherence percentage, which was used to determine the eligibility for the intervention phase of the study. If the participant demonstrated an average of less than 98% adherence across calls, they were considered eligible for the intervention and were randomly assigned using a 1: 1 random number allocation strategy to either the treatment condition or the standard care condition. Randomization was done through random number sequences generated (no blocks) before the study began. The person doing the randomization kept the information confidential from the independent assessor, and participants were instructed not to share their group assignment with the assessor.
This stringent adherence cutoff was selected based on the input from focus groups. It has been demonstrated that even minor nonadherence to immunosuppressant medication can affect maintenance of a transplant organ [55] . Specifically, there is evidence from previous research that shows that minimal deviations from the prescribed regimen were associated with increased risk of graft rejection in renal transplant recipients [55] [56] [57] [58] . Beginning 6 weeks after randomization, all participants were contacted biweekly to complete 3 additional follow-up telephone pill counts. During the final telephone call, participants were asked to complete a brief post-treatment assessment. Participants received $5 for completing the baseline assessment, post-treatment assessment, and for each completed telephone pill count. Participants were not compensated for their time at the adherence-promotion sessions, but lunch and transportation costs were provided.
In total, 55 kidney transplant recipients were approached for participation while waiting for their medical appointments. Forty individuals agreed to undergo the phone pill count to determine eligibility. No information was collected about those who did not participate. Of these, baseline adherence level was collected on 35 (i.e. participated in phone counts). All of them were eligible to participate (adherence <98%) and 33 agreed to be randomized ( fig. 2 ). All randomized participants completed the study. No participants in either condition reported 3 consecutive days of skipped doses, and consequently, no one's participation was terminated early. Data were collected from January to December 2011. There were no changes to the study procedure during the course of the study. 
Treatment Arms Intervention Condition
The treatment condition consisted of a 2-session group intervention that was initiated within 2 weeks of randomization. Between 4 and 6 participants were invited to participate in a group. The sessions were each 2 h long and were held in an outpatient office suite. Three separate groups of participants completed the 2-session intervention and sessions were held between one and 2 weeks apart.
Intervention
Our adherence promotion intervention incorporated techniques derived from cognitive behavioral therapy (CBT) and motivational interviewing (MI) techniques. CBT is a short-term, focused psychotherapy used in the treatment of a wide range of psychological and behavioral issues. The focus of the intervention is on how one thinks, behaves, and communicates in present time, as opposed to a focus on one's early childhood experiences. The intervention is action-oriented, practical, rational, and helps the patient gain independence and effectiveness in dealing with real-life issues [59] [60] [61] . MI is a client-centered, semi-directive method of engaging intrinsic motivation to change behavior by developing discrepancy as well as exploring and resolving ambivalence [62] [63] [64] . MI is nonconfrontational and attempts to increase the patient's awareness of the potential problems caused, consequences experienced, and risks faced as a result of the behavior in question and seeks to help patients consider what might be gained through change.
Standard CBT interventions for nonadherence were modified and adapted for (1) the particular challenges associated with being a transplant patient and (2) the cultural needs and African American patients receiving transplant services.
Information gathered from preliminary focus groups was integrated and resulted in a small-group intervention that included the components described in table 1 . The intervention was administered by doctoral level psychologists (DC and NVH).
Control Condition
Participants in the control condition completed the same number of unannounced telephone pill counts at the same intervals as participants in the intervention condition. They did not receive any additional information or intervention regarding their adherence behavior outside of standard care, which involved monthly appointments with the nephrology transplant treatment team to assess kidney functioning and address any issues presented by the provider or the patient. This treatment as usual plus monitoring condition was selected as the appropriate control for several reasons. Due the pilot nature of the trial, patient feedback about the undesirability of sham placebo conditions, and the limited sample size, having 2 active treatments would have surpassed our power estimates [65] . Furthermore, there has been scant evidence that behavioral intervention is effective in this population and any attention-matched control would in essence be another active treatment arm. Finally, while there is increased threat to internal validity by using a treatment as usual condition, there is greater ecological validity in that this represents standard clinical practice.
Statistical Analyses
We used the Statistical Software Package of Social Science (SPSS, IBM, Chicago, Ill., USA) version 21.3 to conduct analyses. Demographic and clinical variables were expressed, as appropriate, as frequencies, mean, and SDs. We used intention-to-treat principles for analysis. To test whether adherence levels differed between the study groups at baseline and outcome, we created an adherence score by averaging the 3 baseline pill count data and then the 3 follow-up pill count data. Statistical significance was set at p < 0.05.
We used chi-square analyses to assess differences between groups in all categorical variables and t tests were used to compare differences between groups on continuous variables. Outcome data were similarly compared using t tests to evaluate mean differences between groups. Linear regression modeling was used to determine within group changes for both the intervention and control conditions. 
Results
Baseline differences between those assigned to the treatment group and those assigned to the control group were evaluated ( table 2 ) . There were no significant between-group baseline differences in demographic, medical, or psychological variables (p > 0.05, all cases). The sample's pre-treatment mean adherence score was 93% adherent (range 83-98).
The group scores on the self-report of depression (BDI) reflect a slight elevation of depressive affect and are consistent with our earlier work with kidney transplant recipients [33] . No adverse events were detected in either group over the course of the study.
Adherence -Phone Pill Counts
Based upon phone pill counts, there was a significant change in the intervention group mean adherence, which improved from 92 to 98%, while there was no observable improvement in the control group (94-94%; table 3 ). At study completion, the intervention group displayed significantly higher levels of adherence when compared to the control group (t = 2.2, p = 0.04) and similarly, when the amount of change was compared between the groups, the intervention group showed more change than the control group (F (22,1) = 12.005, p = 0.003).
Adherence Change -Tacrolimus Levels
Mean tacrolimus trough levels did not differ significantly between groups either at baseline (t = 1.5, p > 0.05) or at study completion (t = 0.56, p > 0.05). Neither group's mean tacrolimus trough levels changed significantly from baseline. Mean group levels were within target range (5-15 μg/l) at both measurement points. However, there was a substantive change in the SD of the trough levels when post-intervention values were compared to pre-intervention values. This change in the amount of statistical variability has been used as a measurement of adherence. In a study of pediatric liver transplant patients [66] , a 1-point increase in the SD was associated with a 1.58 increase in hazard of graft loss. In this trial, the control group SD remained constant and the intervention group displayed a significant SD change (Levine's test, <0.05) with a full one point reduction.
Discussion
This study piloted the effectiveness of a group CBT/MI intervention on improving adherence to immunosuppressant medication in kidney transplant recipients. Significant improvement in our primary outcome measure, percent of pills taken, was demonstrated in our intervention group but not in our control condition, suggesting 12 that this pilot adherence promotion program was successful at helping patients overcome barriers to nonadherence. The 6% increase in adherence not only has clinical significance, as it translates to about 2 doses in a 2-week period (depending on the exact prescription), but also represents crossing the threshold to our a priori definition of 'adherent'. Furthermore, there was indication that the amount of variance in tacrolimus trough levels was decreased by the intervention. While there was no significant change in mean levels across treatment groups, as the means were within target range at all time points, the variability within that window decreased, suggesting more consistency in taking medication. These results are of particular note because a primary focus of the transplant nephrology team is to promote the taking of prescribed medication as directed. Despite this high level of care and attention, there remains a substantive minority of patients that are nonadherent to their prescription. The clinical significance of this relatively low degree of nonadherence cannot be overestimated, as renal transplant patients who are not appropriately immunosuppressed run a substantial risk of rejection. While this trial was underpowered to examine the relationship between adherence and graft rejection, the magnitude of the improvement in percent of pills taken (6% increase from baseline to follow-up in the intervention group) is also of true clinical significance. This intervention holds promise as a strategy to supplement standard care even for patients for whom traditional efforts have been unsuccessful.
The assessment of medication adherence is fraught with methodological challenges. In this pilot study, we demonstrate the feasibility and possible utility of unannounced phone pill counts as an alternative technique for measuring adherence. While it is possible that participants could adjust the numbers of pills counted to conceal missed doses, we had no indication that participants were attempting to guess the numbers of pills left from missed doses or any other mental calculation required for adjusting pill counts. Additionally, while it is possible that the phone assessments are, in and of themselves, an intervention, this does not seem to be the case. Lack of change in our control condition suggests that the measurement of medication adherence in this way does not interfere with regular medication-taking behavior, allowing the unannounced phone calls to serve as an unbiased assessment strategy.
While we believe that these preliminary results are meaningful, the study was conducted with a small sample from a single center and was of limited duration; because of these factors, we were unable to relate the change in medication taking to health changes or rejection markers. An additional limitation of the study is that we only partially described the psychosocial functioning of the participants. While we measured their baseline rates of depression, which were not clinically elevated or different across groups, we did not measure other potentially significant and influential psychosocial domains (e.g. coping strategies, rates of anxiety, health-related quality of life) [67] [68] [69] .
The success of the intervention must also be appreciated in the context of the patient population. In this urban predominantly Black population, the reasons for noncompliance are complex and may well span systemic, social and individual parameters. However, in our preliminary work, 2 of the 3 most endorsed reasons for nonadherence were volitional. Both these factors highlight the need for further health education in this population as well as the potential benefit of further adherence promotion activities. Future research should explore the relevant psychosocial and behavioral factors in adherence behaviors, the overall utility of unannounced phone calls as an assessment strategy, and continue to focus resources on subpopulations that are greatly in need of support services.
